T he TECRA Staphylococcus aureus Visual Immunoassay (STAVIA) is a rapid and specific screening test for the detection of S. aureus based on an enzyme-linked immunosorbent assay (ELISA) performed in the sandwich configuration.
The method involves the enrichment of samples in suitable microbial growth medium for 24 h prior to testing with the STAVIA. A presumptive positive or a negative result for the presence of S. aureus is obtained within 26 h, compared with several days for traditional cultural methods. Presumptive positive results are confirmed by streaking the enrichment broths onto standard S. aureus selective agar media such as Baird Parker medium.
The STAVIA was developed originally for use by the food industry. However, its potential for improving the efficiency of testing cosmetics and pharmaceutical products for the presence of S. aureus also has been recognized. The enrichment methods used for food generally are not suitable for testing cosmetic and pharmaceutical products because these products frequently contain preservatives to inhibit microbial contaminants. Preservative neutralizers must be incorporated into the enrichment broth for use with these products. This study was undertaken to develop suitable enrichment procedures and to evaluate the performance of the STAVIA for use with a range of cosmetic and pharmaceutical product categories. The enrichment media chosen were Tryptone Soya Broth (TSB) + 4% Tween 80 and Modified Letheen Broth (MLB; formulation according to the U.S. Food and Drug Administration's Bacteriological Analytical Manual [FDA BAM]; 1) because these media contain inactivating agents to overcome the effect of preservatives and have been recommended for use in pharmaceutical and cosmetic testing (1, 2).
Experimental

Samples
A total of 31 products were tested, comprising of 20 cosmetic products, 8 pharmaceutical products, and 3 pharmaceutical ingredients. These samples were purchased at retail outlets and were selected to represent a variety of product types and manufacturers.
Uninoculated samples were screened initially by STAVIA after enrichment for 24 h at 35E-37°C in MLB at 1:100 to identify any contaminated samples and to ensure that there were no false-positive reactions. An incubation range of 35E-37°C was chosen so that the method would be suitable for use in both the United States (where 35°C incubation is used) and in the United Kingdom and Australia (where 37°C incubation is favored). The MLB enrichment procedure based on the FDA BAM (8th Ed.) was chosen as a suitable screening media for samples, and this choice was supported by subsequent results generated with inoculated samples.
Inoculation of Samples
Five cultures of S. aureus were used. Three were National Collection of Type Cultures (NCTC) strains (10652, 10655, and 10656) and 2 were from the Biotech Australia Culture Collection (BTA 1413 and 1415). Each product was inoculated with a broth culture to give a level of 10-20 S. aureus cells/g. The inoculum level was estimated by spread plate counts on Trypticase Soya Agar. For cosmetic products, an attempt was made to distribute the 5 cultures evenly across the range of product types, with each sample being inoculated with only one culture. For example, if 5 different types of toothpaste were inoculated, each type would be inoculated with a different culture. However, this approach made direct comparison of results between products difficult, and so for pharmaceutical products and ingredients, only S. aureus NCTC 10656 was used for the inoculum. This strain was chosen because of its typical appearance on Baird Parker agar, which made confirmation of suspect colonies easier.
ELISA
For the ELISA method, 1 g samples were enriched in both TSB + 4% Tween 80 and MLB according to the protocol in Figure 1 . After incubation for 24 h, 1 mL portions from each enrichment broth were heat killed in boiling water for 15 min and then cooled to room temperature prior to performing the STAVIA according to the manufacturer's directions (Figure 2 ).
Cultural Methods
For the cultural method, the same enrichment broths used for the ELISA were streaked onto Baird Parker agar after 24 h incubation and again after 7 days incubation according to the enrichment culture procedure described in the BAM (1; Figure 3) . The enrichment and plating methods were also in accordance with recommended procedures in the U.S. Pharmocopoeia (2) . Suspect colonies were confirmed by the Staphaurex latex agglutination test (Murex Diagnostics, Dartford, UK). 
Results and Discussion
Results are summarized in Tables 1 and 2 . The STAVIA showed very close correlation with the cultural reference method for detection of S. aureus in cosmetic and pharmaceutical finished products and raw materials. Enrichment in TSB + 4% Tween 80 or MLB with a sample-to-volume ratio of 1:100 and incubation at 35E-37°C were suitable for most products, providing a presumptive positive result in the STAVIA within 26 h. However, product formulations may vary considerably, and separate validation of the enrichment procedure each time a new product is tested is recommended. Cosmetic and pharmaceutical products may contain preservatives that inhibit microbial growth. If microbial inhibition is apparent despite the use of media containing inactivators, it may be necessary to use a 1:200 dilution of the sample or to lengthen the enrichment time to 48 h.
The STAVIA has a number of advantages over conventional methods: A presumptive positive or a negative result for the presence of S. aureus is available within 26 h, compared with 4 days for standard cultural methods. This time saving allows products and ingredients to be released earlier. Tracing the source of S. aureus contamination also could be achieved much faster than by conventional methods.
Most cosmetic and pharmaceutical products in routine testing programs would not be expected to contain S. aureus. With STAVIA, only presumptive positive results would need cultural confirmation. This would result in significant savings in labor and cost of materials. With cultural methods, enrichment broths would need to be streaked onto selective agar (e.g., Baird Parker plates) and all suspect colonies require further confirmatory tests.
Previous studies (3, 4) that evaluated the STAVIA for use in the food industry tested the STAVIA with a range of cultures including S. aureus isolates, streptococci, non-aureus HUGHES ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 82, NO. 5, 1999 1173 Table 1 . Comparison of TECRA assay with cultural methods for detection of S. aureus in cosmetic products inoculated with S. aureus staphylococci, and other genera. These studies showed that the STAVIA was highly specific for S. aureus and that the limit of detection for the majority of isolates was approximately 10 6 organisms/mL in the enrichment broth. The STAVIA may be read visually with the aid of the color comparison card supplied or automatically with an ELISA plate reader. The assay may be run manually, semiautomated (with an ELISA plate reader and washer), or fully automated by using the TECRA Minilyser, an automated ELISA plate processor.
Conclusion
STAVIA showed very close correlation with cultural methods for detection of S. aureus and has considerable potential for use as a rapid test method by the cosmetic and pharmaceutical industries.
